Administrative health data from emergency departments play important roles in understanding health needs of the public and reasons for health care resource use. International Classification of Disease (ICD) diagnostic codes have been widely used to code reasons of clinical encounters for administrative purposes in emergency departments.
Introduction
Routinely collected administrative health data are increasingly used in population based health services and policy research (1) . Administrative health data are created when clinical information is coded using International Classification of Disease (ICD) system through reabstraction of clinical documentation by coders or physicians (2, 3) . Validation studies have been conducted to assess validity of ICD codes in identifying clinical conditions through comparison with chartreviewed data. Validity of ICD codes varies across different conditions and health care systems and depends on how data is collected (4) .
Code assignment is an onerous process with many potential sources of errors (2) . Coding personnel generate data, and are key determinants of ICD code quality (3) . Therefore, knowledge on coding reliability and agreement among coders provide important information about data quality of administrative health data. Canadian Institute of Health Information (CIHI) conducts routine reabstraction studies to assess coding quality on hospital discharge abstract data through auditing. Selected charts are re-coded by CIHI coders and agreement of codes between CIHI and hospital coders are compared (5) . Similar studies on hospital administrative data were also conducted in Australia and UK (6, 7) . Emergency and ambulatory care are some of the largest-volume patient activities, making these settings key components of the continuum of health services(8). Emergency care is different from inpatient care in terms of reasons for visits and length of patient-physician interaction. Coding reliability and agreement in administrative health data from emergency care is still unknown.
The aim of this study was to assess the coding reliability and agreement of ICD-10 codes in emergency departments. We audited selected charts from emergency departments, which were previously coded by certified health information coding specialists.
Method

Data source
Following national guidelines developed by CIHI, clinical information from emergency visits are collected in Alberta. There are up to ten ICD-10th revision, Canada (ICD-10-CA) diagnosis codes in each record. For each record, the first diagnosis code is the main problem, which is deemed to be the most clinically significant reason for the client's visit and that requires evaluation and/or treatment or management. The main problem can be a diagnosis, symptom, sign, abnormal test result, or reason for encounter (9) . This study focused on the assessment of the main diagnosis code.
We randomly sampled 1 percent (n=1636) of the total visits from 11 emergency departments between October and December in 2013. Hospital coders code the charts based on the Canadian coding guideline. Auditors were employed as external coders to re-code the sampled records following the same coding guideline. One auditor was a coding coordinator who conducted the audit of all records from Calgary. In other Alberta hospitals, the initial audit was performed by students enrolled in health information management (HIM) programs as part of their mandatory practicum for their certification program and were subsequently validated by experienced coding coordinators. The HIM program is an accredited program in Canada to train for a career in managing personal health information.
Analysis
Following the Guidelines for Reporting Reliability and Agreement Studies (GRRAS) (10), we used reliability and agreement to assess the reproducibility of ICD-10-CA coding in emergency departments. Agreement is whether ICD-10-CA codes assigned by auditor and hospital coders are identical for the same record and is reported as the proportion of agreement. The proportion of agreement was calculated by dividing the number of records with identical codes by the total number of records. Reliability is the ability of a coding method/system to differentiate among subjects (e.g. patients who visited emergency departments in this study) and is closely related to setting where method/systems are applied. We used Cohen's kappa to assess the reliability. Cohen's kappa is calculated by dividing the difference between observed agreement and expected agreement by the difference between 1 and the expected agreement. The value of Cohens' kappa ranges from -1 to +1. The agreement and reliability were assessed at 3-digits and 4-digits level of ICD-10-CA codes.
We also assessed the agreement between auditor and the hospital's coder on the top 20 most frequently used diagnosis codes. Sensitivity and positive predictive value (PPV) were calculated with the auditor's codes as the reference. Sensitivity indicates the proportion of records with a diagnosis code assigned by the auditor in which hospital coders also assigned the same codes. PPV measures the proportion of records with a diagnosis code assigned by hospital coders in which auditors also assigned the same code.
Error analysis was conducted on the records with different diagnosis codes. We invited one clinical nurse and one coding specialist to review the diagnosis code and categorized the codes with disagreements into 6 different categories (7). First, the nurse and coding specialist independently reviewed the codes and assign the codes into one of the 6 categories of discrepancy. Records assigned into different categories were discussed between the nurse and coding specialist and final category was assigned after consensus was reached. Detailed descriptions and examples for each category can be found in the results section. The proportion of records in each category was presented. All the analysis was conducted in R software and 95% confidence intervals were provided for all the statistics.
Results
Eight HIM students and 2 coding coordinators were involved in the audit of 1636 records. Overall, the agreement was 86.5% and 82.2% at 3 and 4-digits levels respectively, and reliability was 0.86 and 0.82 respectively (Table 1) . At the hospital level, agreement ranged from 68.4% to 95.2% at the 3-digits level and from 57.9% to 93.4% at the 4-digits level; reliability ranged from 0.68 to 0.95 at the 3-digits level and from 0.57 to 0.93 at the 4-digits level. There were 3 out of 11 hospitals with agreement below 70% at 3-digits level and below 65% at the 4-digits level. There were no significant differences in agreement and reliability between teaching and non-teaching hospitals. Edmonton had significantly lower agreement and reliability at 3 and 4-digits level than Calgary and other regions. Table 2 presents the agreement on the top 20 diagnosis codes at 3 digits level, which accounted for 35% of sampled records. Hospital coders and auditors had similar coding frequency for the top 20 diagnosis, in which 17 codes has coding frequency difference less than 3. Using auditor codes as the reference, 13 of 20 diagnosis codes had both sensitivity and PPV above 0.9, although only 1 code showed perfect agreement. Three out of the 20 codes had sensitivity below 0.9 while 2 out of the 20 codes had PPV below 0.9. Codes J18 (pneumonia, organism unspecified) and S01 (open wound of head) had both sensitivity and PPV below 0.9.
Results of error analysis on the records with different diagnoses are shown in Table 3 . The most common category of discrepancy was that coders assigned different codes for the same condition (23.6%). The issue with coding specificity is the second most common category of discrepancy (20.9%) as one coder assigned more specific codes than the other coder. There were around 16.5% with completely different codes. 
Discussion
Overall, there was high agreement and reliability of coding for emergency visits, although variability of coding was observed across different emergency departments. Coders and auditors showed high agreement with each other on individual codes based on assessment of the top 20 diagnosis codes. The main categories of disagreement between coders and auditors were different codes for the same condition and the issue of coding specificity.
What is the coding quality in emergency departments compared to other settings? The proportion of agreement on the main diagnosis at the 3-digit level in Canadian hospital data was around 77%(11), which is lower than emergency department data. There are 14 different diagnosis types in Canadian hospital inpatient data to reflect clinical significance and timing of diagnosis. If diagnosis type in hospital setting is ignored, the agreement in hospital setting data was around 85.4%, which is very close to the proportion of agreement (86.5%) in the emergency department data. Compared with Canadian emergency department data, Australian hospital data has similar agreement at the 3-digit (around 86 %) and 4-digit levels (around 80.3%) on main or principal diagnosis(6). At the individual code level, emergency department data had higher reproducibility than coding in hospital settings in Canada, as the sensitivity (median (interquartile range): 0.82 (0.71 to 0.89)) and PPV (0.82 (0.74 to 0.89)) for 50 most frequent main diagnosis codes is lower than the sensitivity and PPV for the 20 most frequent main diagnosis codes in emergency departments. Inpatient hospital care is more complex and has more clinical information documented during the patient's stay, which increases the difficulty for coders to translate clinical notes into standardized diagnosis codes and diagnosis types. However, high coding reproducibility does not directly imply high validity of coding in the emergency department. For example, a validity study on emergency department diagnosis codes for identifying acute heart failure (AHF) conducted in Edmonton, Alberta showed moderate sensitivity and high PPV but low specificity (0.50 (95% confidence interval: 0.398, 0.601)), with the chart review as the reference within a cohort with suspected AHF (12) . In another study, for hyperkalemia and hyponatremia, ICD-10 codes had very high specificity (>0.99) but very low sensitivity (0.15 for hyperkalemia and 0.075 for hyponatremia) (13) . Therefore, it is cautioned when using these ICD diagnosis codes for research purposes, as further studies on coding validity of emergency department data are still needed.
How to improve the coding quality in emergency departments? The issue of different codes for similar conditions is partly due to the use of "not otherwise specified (NOS) or unspecified" and "not elsewhere classified (NEC)" in code description. The NOS code description was created to meet the challenge that a specific diagnosis is often hard to achieve in practice, and is therefore not documented by physicians, while the NEC is created to classify residual categories or categories not explicitly specified in other codes. This gives the room for flexibility in coding which in turn can result in coding discrepancies. For example, one study found almost half of food allergy patients were found with unspecified allergy codes (14) . The issue of coding specificity is another main reason for discrepancy. This could be related to lack of specificity in clinical documentation as coders reported vague terms or ambiguity (15) . What is the generalizability of our results to administrative data from other provinces and countries? Alberta follows the same coding guidelines and practices as other provinces in Canada. Therefore, overall emergency department data quality should be comparable across Canada. However, high variability of coding quality in different hospitals should be expected as different hospitals might have different clinical practice patterns, charting requirements, and coding management. Coding quality is closely associated with the data collection and use of data. Canada has trained health information professionals to assign the codes while some countries uses physicians, medical clerks, or nurses to assign the codes. Use of administrative health data to classify disease related groups for purpose of payment could also affect how codes are assigned, as more specific codes are often required for billing purpose. In summary, within Canada, generalizability is possible as the provinces use similar coding standards. Greater variation from our findings would be expected in countries with very different documentation and coding practices.
This study has the following limitations. First, our study only focused on one province and at one time point. Spatial and temporal variation of data quality cannot be assessed. Second, we used health information management students as the auditors to recode the chart. This might increase the level of discrepancy due to their lack of coding experience. However, codes assigned by students were also reviewed by an experienced coder and found that they were likely to agree with students if there was a coding discrepancy. Third, this study only assessed coding reproducibility. Validity in emergency department coding still needs further investigations.
Conclusion
Alberta emergency department administrative health data had high agreement and reliability of ICD code assignments. The main reasons of coding discrepancies between coders were due to use of codes at different levels of specificity and use of unspecified codes in coding practice.
